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(57)Abstract: 

PROBLEM TO BE SOLVED: To determine a condition for controlling for 
obtaining the optimum film thickness in a short time. 
SOLUTION: This method for determining a condition for controlling a 
film thickness is a method for obtaining a condition for controlling for 
forming a coating film in a required film thickness in an apparatus for 
forming the coating film by which a coating film with a required film 
thickness is formed on a base sheet by ejecting a processing liq. toward 
the base sheet while a nozzle is moved from the inner peripheral side to 
the outer peripheral side of the rotating base sheet and four elements 
of information related to the required thickness, the time for applying 
the processing liq., the area of application and the viscosity of the 
processing liq. are received (a step P2). Then, based on the received 
four elements of information, the number of rotation of the base sheet 
and the transferring speed of the nozzle are gradually changed on every 
divided radial position to simulate the behavior of the processing liq. on 
the base sheet to calculate the thickness on every divided radial 
position (steps P8-P10) and in accordance with this result on 
calculation of the film thickness, the conditions for controlling contg. the 
number of rotation of the base sheet and the transferring speed of the nozzle on every region are determined (a 
step P 17). 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the paint film formation equipment which breathes out processing liquid towards said 
substrate and forms the paint film of desired thickness on said substrate while moving a nozzle to a 
periphery side from the inner circumference side of the rotating substrate The information reception 
process of being the thickness control condition decision approach for acquiring the control condition 
for forming said paint film in the thickness of said request, and receiving four sorts of information about 
the thickness of said request, the spreading time amount of said processing liquid, spreading area, and 
the viscosity of said processing liquid, It is made to change gradually based on four sorts of information 
received at said information reception process for every radius location of the rotational frequency of a 
substrate, the passing speed of a nozzle, and the discharge quantity of said nozzle which had any one 
classified at least. The simulation process which carries out simulation of the behavior on said substrate 
of said processing liquid, and computes said classified thickness for every radius location, The thickness 
control condition decision approach which includes the control condition decision process of acquiring 
the rotational frequency of said substrate, the passing speed of said nozzle, and said control condition 
of the discharge quantity to which any one is changed at least, according to the thickness calculation 
result in said simulation process. 

[Claim 2] Said simulation process The spreading starting position and spreading termination location on 
the radius of gyration of the substrate of said nozzle, From the rotational frequency of said substrate, 
the passing speed of a nozzle and the setting-out process of discharge quantity that sets up any one 
initial value at least, and said spreading starting position to a spreading termination location One of two 
or more of the curves which were able to define beforehand at least one of the rotational frequency of 
said substrate, the passing speed of a nozzle, and discharge quantity, respectively is met. The coverage 
calculation process which computes the coverage for said every radius location based on four sorts of 
information received at the information reception process while making it change gradually for every 
classified radius location, The movement magnitude calculation process which computes the movement 
magnitude of the processing liquid containing the amount which flows out of the amount in which the 
processing liquid of the coverage computed at said coverage calculation process flows into said radius 
location by substrate revolution, and said radius location, The thickness calculation process which 
computes the thickness for said every radius location with the coverage computed at said coverage 
calculation process, and the movement magnitude computed at said movement magnitude calculation 
process, The thickness control condition decision approach including the repetitive process at which 
said curve is changed into and only the number of said curves repeats said coverage calculation process, 
a movement magnitude calculation process, and a thickness calculation process according to claim 1. 
[Claim 3] A substrate maintenance means to be paint film formation equipment which breathes out 
processing liquid towards the rotating substrate and forms the paint film of desired thickness, and to 
hold said substrate pivotable, The discharge head which has the nozzle which carries out the 
regurgitation of said processing liquid towards the substrate held at said substrate maintenance means, 
According to the control condition acquired by carrying out simulation of the behavior of said processing 
liquid to a processing liquid supply means to supply processing liquid to said discharge head, and a head 
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migration means to turn said discharge head to migration and to move it to a periphery side from the 
inner circumference side of a substrate Paint film formation equipment equipped with the control means 
of said substrate maintenance means, said nozzle migration means, and said processing liquid supply 
means which controls any one at least. 

[Claim 4] Paint film formation equipment according to claim 3 further equipped with a control condition 
decision means by which simulation determines said control condition. 

[Claim 5] An information reception means to receive four sorts of information concerning [ said control 
condition decision means ] the thickness of said request, the spreading time amount of said processing 
liquid, spreading area, and the viscosity of said processing liquid, It is made to change gradually based on 
four sorts of information received with said information reception means for every radius location of the 
rotational frequency of a substrate, the passing speed of a nozzle, and the discharge quantity of said 
nozzle which had any one classified at least. A simulation means to carry out simulation of the behavior 
on said substrate of said processing liquid, and to compute said classified thickness for every radius 
location, Paint film formation equipment according to claim 4 equipped with a control condition 
acquisition means to acquire the rotational frequency of said substrate, the passing speed of said nozzle, 
and said control condition of the discharge quantity to which any one is changed at least, according to 
the thickness calculation result in said simulation means. 

[Claim 6] Said simulation means The spreading starting position and spreading termination location on 
the radius of gyration of the substrate of said nozzle, From the rotational frequency of said substrate, 
the passing speed of a nozzle and a setting-out reception means of discharge quantity to receive 
setting out with any one initial value at least, and said spreading starting position to a spreading 
termination location One of two or more of the curves which were able to define beforehand at least 
one of the rotational frequency of said substrate, the passing speed of a nozzle, and discharge quantity, 
respectively is met. A coverage calculation means to compute the coverage for said every radius 
location based on four sorts of information received with the information reception means while making 
it change gradually for every classified radius location, A movement magnitude calculation means to 
compute the movement magnitude of the processing liquid containing the amount which flows out of the 
amount in which the processing liquid of the coverage computed with said coverage calculation means 
flows into said radius location by substrate revolution, and said radius location, A thickness calculation 
means to compute the thickness for said every radius location with the coverage computed with said 
coverage calculation means, and the movement magnitude computed with said movement magnitude 
calculation means, Paint film formation equipment [ equipped with a repetitive means by which change 
said curve and only the number of said curves repeats actuation of said coverage calculation means, a 
movement magnitude calculation means, and a thickness calculation means ] according to claim 5. 
[Claim 7] Said discharge head is paint film formation equipment given in either of claims 3-6 which has 
two or more nozzles which arranged at the predetermined spacing to the one direction, and have been 
arranged in it. 

[Claim 8] Said nozzle is paint film formation equipment given in either of claims 3-7 which is the nozzle 
of an ink jet method. <BR> 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Moving a nozzle to a periphery side from the inner circumference side of 
substrates, such as the rotating optical disk substrate and liquid crystal substrate, and a semi- 
conductor substrate, this invention is faced breathing out processing liquid towards a substrate and 
forming the paint film of desired thickness, and relates to the paint film formation equipment using the 
approach and it which determine a thickness control condition. 
[0002] 

[Description of the Prior Art] Conventionally, the paint film formation equipment which is made to rotate 
a substrate and forms a paint film when applying processing liquid, such as for example, photoresist 
liquid, to substrates, such as a liquid crystal substrate, an optical disk substrate, and a semi-conductor 
substrate, and forming paint films, such as resist film, is used. This kind of paint film formation 
equipment is equipped with the substrate attaching part which carries out revolution maintenance of the 
substrate, the discharge head which has the nozzle which carries out the regurgitation of the processing 
liquid to the substrate held at the substrate attaching part, and the head migration section which moves 
a discharge head to a circumference side from the core side of a substrate. 

[0003] With this paint film formation equipment, since processing liquid is applied rotating a substrate, 
spreading area becomes large as it goes to the circumference side of a substrate. Therefore, passing 
speed of a discharge head and rotational speed of a substrate are made late, or control to which the 
discharge quantity from a nozzle is made to increase gradually is carried out as a discharge head moves 
to a circumference side, in order to make thickness of a paint film into homogeneity. 
[0004] Conventionally, different control conditions for every radius location for obtaining the desired 
thickness for this control, such as the passing speed and discharge quantity of a head, and a rotational 
frequency of a substrate, carry out actual spreading by the control condition acquired from the rule of 
thumb, repeat that trial-and-error how many times, measure thickness and are determined. 
[0005] 

[Problem(s) to be Solved by the Invention] With said conventional configuration, since the control 
condition for applying actually, surveying thickness of the result and forming desired thickness is 
determined, the decision of a control condition takes long duration. Moreover, since location survey has 
determined the control condition, there is no guarantee whose determined control condition is optimal 
control condition, and it cannot discern the limitation of thickness control. For example, when a control 
condition is determined by trial-and-error and thickness differs from desired thickness about 1%, it 
cannot judge whether it can bring whether it is the limitation of control close to it and the thickness of 
more a request. 

[0006] The technical problem of this invention is faced breathing out processing liquid to the rotating 
substrate and forming desired thickness, and is to enable it to determine the control condition for 
obtaining the optimal thickness for a short time. Another technical problem of this invention is to enable 
it to form the paint film of desired thickness by the optimal control condition. 
[0007] 

[Means for Solving the Problem] The thickness control-condition decision approach concerning claim 1 
is an approach for acquiring the control condition for forming a paint film in desired thickness, and 
includes an information reception process, a simulation process, and a decision process in the paint film 
formation equipment which breathes out processing liquid towards a substrate and forms the paint film 
of desired thickness on a substrate, moving a nozzle to a periphery side from the inner-circumference 
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side of the rotating substrate. An information reception process is a process which receives four sorts 
of information about desired thickness, the spreading time amount of processing liquid, spreading area, 
and the viscosity of processing liquid. A simulation process is a process which is gradually changed for 
every radius location of the rotational frequency of a substrate, the passing speed of a nozzle, and the 
discharge quantity of a nozzle which had any one classified at least, carries out simulation of the 
behavior on the substrate of processing liquid, and computes the thickness for every classified radius 
location based on four sorts of information received at the information reception process. A control 
condition decision process is a process which acquires the rotational frequency of a substrate, the 
passing speed of a nozzle, and the control condition of the discharge quantity that contains any one at 
least according to the thickness calculation result in a simulation process. 

[0008] Here, since the thickness of the radius location classified at the simulation process by changing 
at least one of a rotational frequency, passing speed, and the discharge quantity, and carrying out 
simulation of the behavior on the substrate of processing liquid is computed, the control condition for 
obtaining the optimal thickness by the simulation result for a short time can be determined, without 
performing actual spreading. 

[0009] The thickness control condition decision approach concerning claim 2 is set to an approach 
according to claim 1. A simulation process From the spreading starting position on the radius of gyration 
of the substrate of a nozzle and a spreading termination location, the rotational frequency of a substrate, 
the passing speed of a nozzle and the setting-out process of discharge quantity that sets up any one 
initial value at least, and a spreading starting position to a spreading termination location One of two or 
more of the curves which were able to define beforehand at least one of the rotational frequency of a 
substrate, the passing speed of a nozzle, and discharge quantity, respectively is met. The coverage 
calculation process which computes the coverage for every radius location based on four sorts of 
information received at the information reception process while making it change gradually for every 
classified radius location, The movement magnitude calculation process which computes the movement 
magnitude of the processing liquid containing the amount which flows out of the amount and radius 
location where the processing liquid of the coverage computed at the coverage calculation process 
flows into a radius location by substrate revolution, The thickness calculation process which computes 
the thickness for every radius location with the coverage computed at the coverage calculation process 
and the movement magnitude computed at the movement magnitude calculation process, and the 
repetitive process at which a curve is changed into and only the number of curved repeats a coverage 
calculation process, a movement magnitude calculation process, and a thickness calculation process are 
included. 

[0010] The paint film formation equipment concerning claim 3 is equipment which breathes out 
processing liquid towards the rotating substrate and forms the paint film of desired thickness, and 
includes a substrate maintenance means, the discharge head, the processing liquid supply means, the 
head migration means, and the control means. A substrate maintenance means is a means to hold a 
substrate pivotable. The discharge head has the nozzle which carries out the regurgitation of the 
processing liquid towards the substrate held at the substrate maintenance means. A processing liquid 
supply means is a means to supply processing liquid to a discharge head. A head migration means is a 
means to turn a discharge head to migration and to move it to a periphery side from the inner 
circumference side of a substrate. A control means is the control condition acquired by carrying out 
simulation of the behavior of processing liquid, and inside [ it is said substrate maintenance means, said 
nozzle migration means, and said processing liquid supply means ] controls any one at least. 
[001 1] Here, even if there are few three means, either is controlled by the optimal control condition 
acquired by carrying out simulation, and a desired paint film can be formed. The paint film formation 
equipment concerning claim 4 is further equipped with a control condition decision means by which 
simulation determines a control condition, in equipment according to claim 3. The paint film formation 
equipment concerning claim 5 is set to equipment according to claim 4. A control condition decision 
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means An information reception means to receive four sorts of information about desired thickness, the 
spreading time amount of said processing liquid, spreading area, and the viscosity of said processing 
liquid, It is made to change gradually based on four sorts of information received with the information 
reception means for every radius location of the rotational frequency of a substrate, the passing speed 
of a nozzle, and the discharge quantity of a nozzle which had any one classified at least. A simulation 
means to carry out simulation of the behavior on the substrate of processing liquid, and to compute the 
thickness for every classified radius location, According to the thickness calculation result in a 
simulation means, it has a control condition acquisition means to acquire the rotational frequency of a 
substrate, the passing speed of said nozzle, and the control condition of the discharge quantity to which 
any one is changed at least. 

[0012] The paint film formation equipment concerning claim 6 is set to equipment according to claim 5. 
A simulation means The spreading starting position and spreading termination location on the radius of 
gyration of the substrate of a nozzle, From the rotational frequency of a substrate, the passing speed of 
a nozzle and a setting-out reception means of discharge quantity to receive setting out with any one 
initial value at least, and a spreading starting position to a spreading termination location One of two or 
more of the curves which were able to define beforehand at least one of the rotational frequency of a 
substrate, the passing speed of a nozzle, and discharge quantity, respectively is met. A coverage 
calculation means to compute the coverage for every radius location based on four sorts of information 
received with the information reception means while making it change gradually for every classified 
radius location, A movement magnitude calculation means to compute the movement magnitude of the 
processing liquid containing the amount which flows out of the amount and radius location where the 
processing liquid of the coverage computed with the coverage calculation means flows into a radius 
location by substrate revolution, It has a thickness calculation means to compute the thickness for 
every radius location with the coverage computed with the coverage calculation means, and the 
movement magnitude computed with the movement magnitude calculation means, and a repetitive 
means by which change a curve and only the number of curved repeats actuation of a coverage 
calculation means, a movement magnitude calculation means, and a thickness calculation means. 
[0013] It has two or more nozzles which the discharge head arranged the paint film formation equipment 
concerning claim 7 in the one direction at the predetermined spacing in equipment given in either of 
claims 3-6, and have been arranged. In equipment given in either of claims 3-7, the nozzle of the paint 
film formation equipment concerning claim 8 is a nozzle of an ink jet method. 
[0014] 

[Function] Since the thickness of the radius location classified by changing at least one of a rotational 

frequency, passing speed, and the discharge quantity, and carrying out simulation of the behavior on the 

substrate of processing liquid is computed according to the thickness control condition decision 

approach concerning this invention, the control condition for obtaining the optimal thickness for a short 

time can be determined without performing actual spreading by the simulation result. 

[0015] 

[Example] 

Example 1 drawing 1 is the block diagram showing the configuration of the control device for controlling 
paint film formation equipment by the arithmetic unit used for operation of one example of the control 
condition decision approach of this invention, and the determined control condition. 
[0016] The arithmetic unit 1 which determines a control condition is the so-called personal computer, 
and has the body 2 of equipment carrying a CPU substrate or various I/O substrates. The external 
storage 5, such as a keyboard 3, CRT display 4 and HD drive, FD drive, and a CD-ROM drive, is 
connected to the body 2 of equipment. Moreover, the RS-232C interface substrate 6 which is a serial 
interface is also connected to the body 1 of equipment. By the body 1 of equipment, the thickness for 
every minute field in the radius location of the substrate at the time of applying processing liquid on 
condition that versatility is computed by carrying out simulation of the behavior of processing liquid, and 



-7- 



the computed thickness determines a control condition. Two or more kinds of curves for reducing the 
rotational speed used at the time of simulation and head passing speed for every minute field classified 
in the direction of a path of a substrate are stored in external storage 5 in the table format. As for this 
curve, what is approximated to the curve in inverse proportion to square of a radius is desirable. 
[0017] The control unit 10 of a paint film control unit has the control section 1 1 which consists of a 
microcomputer which has CPU, RAM, ROM, etc. The control condition storing section 17 and other I/O 
sections which store the input key 12 for inputting a command and a numeric value, the various sensors 
13, the processing liquid feed zone 14 that supplies processing liquid to the discharge head which carries 
out the regurgitation of the processing liquid, the rotary motor 15 made to rotate a substrate, the 
migration motor 16 to which a discharge head is moved, and the control condition determined with the 
arithmetic unit 1 are connected to the control section 11. Moreover, the RS-232C interface substrate 
1 8 for the communication link with an arithmetic unit 1 is also connected to the control section 1 1 . Both 
the RS-232C interface substrates 6 and 18 are connected by the connection circuit 20. 
[0018] Paint film formation equipment 20 is equipped with the substrate attaching part 23 which carries 
out adsorption maintenance of the optical disk substrate (henceforth a substrate) 22 pivotable, the 
discharge head 24 which carries out the regurgitation of the processing liquid towards the substrate 22 
held at the substrate attaching part 23, the processing liquid feed zone 25 which supplies processing 
liquid to a discharge head 24, and the head migration section 26 which moves a discharge head 24 in the 
direction of a path from the core side of a substrate 22 at a circumference side. 
[0019] The substrate attaching part 23 has the substrate maintenance base 30 which adsorbs a 
substrate 22 and in which a disc-like revolution is free, and the substrate revolution motor 15 made to 
rotate the substrate maintenance base 30. Around the substrate attaching part 23, the wrap cup 32 is 
arranged in the perimeter of the held substrate 22. The discharge head 24 has the nozzles 35a~35g of 
seven ink jet methods. Each nozzles 35a-35g are put in order and arranged by the single tier in the one 
direction. The direction of a path of a nozzle is sufficient as this direction of a nozzle configuration, and 
it may intersect the direction of a path at an angle of predetermined. 

[0020] The processing liquid feed zone 25 consists of a quantum regurgitation pump which can adjust 
discharge quantity, a pressurized sealing tank. The processing liquid feed zone 25 supplies the 
processing liquid of the fixed discharge quantity defined according to spreading area, the processing 
time, or thickness to a discharge head 4. The head migration section 26 moves a discharge head 24 in 
the direction of a path of a substrate 22 between the start location shown in drawing 1 as a continuous 
line, and the evacuation location shown according to a two-dot chain line. The head migration section 26 
is equipped with the arm section 40 which attached the discharge head 4 at the head, the migration 
frame 41, the guide rail 42 of one pair of upper and lower sides, the maintenance frame 43, the screw 
shaft 44, and the migration motor 16. The arm section 40 has rotation section 40a for adjusting the 
mounting position of a discharge head 24 to the circumference of vertical axes on the way. The 
migration frame 41 is attached in the end face of the arm section 40. The guide rail 42 of one pair of 
upper and lower sides guides the migration frame 41 horizontally. The maintenance frame 43 is 
supported for the screw shaft 44, enabling a free revolution while holding the ends of a guide rail 42. The 
screw shaft 44 is arranged between guide rails 42 at a guide rail 42 and parallel, and the migration motor 
16 is connected with the end. In the migration frame 41, the guide bearing (not shown) supported for a 
guide rail 42, enabling free sliding is attached. 

[0021] Next, the procedure in which simulation determines the thickness control condition of the body 2 
of equipment is explained. As shown in drawing 4 , the simulation by the body 2 of equipment the radius 
location between the spreading starting position on a substrate 22, and a spreading termination location 
to minute field deltar A partition opium poppy. The amount Qin of the processing liquid which moves 
with a centrifugal force about minute field deltar, i.e., the amount which flows into minute field deltar 
with a centrifugal force, and amount Qout which flows out of minute field deltar Processing volume Q0 
which computes and is applied to it at minute field deltar It adds, and the result of an operation — the 
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cross section Sr of the shape of a ring of minute field deltar **** — things — thickness hr of minute 

field deltar It computes. That is, thickness is computed by following the (1) formula. 

[0022] 

hr =(Qin-Qout +Q0 )/Sr (1) 

The thickness calculation value by this simulation and an actual measurement are shown in drawing 5 . 
As shown in drawing 5 , the thickness calculation value by the simulation shown with a circle [ white ] 
and the thickness actual measurement shown by the black dot approximate extremely, and it turns out 
that above-mentioned simulation is very effective. 

[0023] Specifically at step P1 of drawing 3 , initial setting is performed. At step P2, the input of 
simulation conditions, such as viscosity of the spreading area of the substrate for simulation, desired 
thickness, spreading time amount, and processing liquid, is received. At step P3, the variable i which the 
count of simulation shows is set to 1. At step P4, the i-th curve is read among the curves stored in 
external storage 5. At step P5, the input of the initial value of the spreading starting position on a 
substrate, a spreading termination location and rotational speed, and head passing speed is received. At 
step P6, the variable j which shows the location of a minute field is set to 1. at step P7, j rotational 
speed in the minute field j of the i-th curve which carried out reading appearance at step P4, and j 
passing speed are read, j passing speed which carried out reading appearance at step P8, and discharge 
quantity — the — coverage Q0 from the discharge head 24 in j minute field It computes. In addition, 
discharge quantity is computed by the spreading area and thickness which were inputted at step P2, 
spreading time amount, and viscosity, j rotational speed and coverage Q0 which carried out reading 
appearance at step P9 from — the — the inflow Qin and the flow Qout (movement magnitude) to j 
minute field are computed, the (1) type above-mentioned at step P10 — the — thickness hr in j minute 
field It computes. At step P1 1, it judges whether the simulation to a spreading termination location with 
one curve was completed. When having not ended, it shifts to step P12 and Variable j is incremented, 
and it returns to step P7 in order to perform simulation in the next minute field j+1. 

[0024] If it judges that simulation with one curve was completed, it will shift to step P13 from step P1 1. 
At step P13, it judges whether simulation with all curves was completed. If it judges that simulation with 
a curve all is not completed, it will shift to step P14. At step P14, the variable i which shows the number 
of curved is incremented, and it returns to step P4 in order to perform simulation in the following curve 

[0025] If it judges that simulation with all curves was completed, it will shift to step P15 from step P13. 
At step P15, the thickness calculation result for every obtained minute field is searched for for the 
deflection for every curve as compared with desired thickness. At step P16, statistics processing of the 
deflection for which it asked is carried out, and the standard deviation and the average for every curve 
are calculated. At step P17, the standard deviation and the average which were acquired determine the 
method of change of the rate in a curve with small standard deviation with the small and absolute value 
of the average as a control condition. The determined control condition is stored in external storage 5. 
[0026] Thus, according to the acquired control condition, paint film formation equipment 20 operates 
according to the control flow chart shown in drawing 6 . First, at step S1 of drawing 6 , it arranges in the 
evacuation location which shows a discharge head 24 to drawing 2 according to a two-dot chain line at 
the time of this initialization that performs initial setting. At step S2, the control condition determined by 
the body 2 of equipment is read through the RS232C substrates 6 and 18, and it stores in the control 
condition storing section 1 7. At step S3, it waits to equip the substrate maintenance base 30 with a 
substrate 22. If equipped with a substrate 22, it will shift to step S4, and the variable j which shows a 
minute field is set to 1. At step S5, a discharge head 24 is moved to a regurgitation starting position 
(start location) from an evacuation location. At step S6, the initial value of the control condition in the 
minute field j, i.e., a control condition, is read and set from the control condition storing section 17. At 
step S7, the substrate revolution motor 15 and the head migration motor 16 are turned on, and the 
regurgitation of the processing liquid from the processing liquid feed zone 25 is started. The motors 15 
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and 16 at this time are controlled by read initial value. At step S8, it judges whether the discharge head 
24 passed through the minute field j. If a discharge head 24 passes through the minute field j, it will shift 
to step S9 and Variable j will be incremented, and at step S10, the head passing speed and substrate 
rotational speed in the new minute field j+1 are read from the control condition storing section 1 7, and 
are set. Consequently, head passing speed and rotational speed carry out specified quantity lowering. 
[0027] At step S1 1, it judges whether spreading was completed by whether the discharge head 24 
arrived at the spreading termination location. When spreading is not completed, it shifts to step S8, and 
actuation of step S8 to the step S10 is repeated. After spreading is completed, it shifts to step S12 
from step S11, and the substrate revolution motor 15 and the head migration motor 16 are turned off, 
and supply of the processing liquid by the processing liquid feed zone 25 is suspended. At step S13, a 
substrate blowdown command is outputted to another substrate transport device, and it returns to step 
S3. 

[0028] Here, since paint film formation equipment 20 is controlled by the optimal control condition 
acquired by simulation, the formed paint film tends to become desired thickness. 

In the example 2 example 1, although paint film formation equipment 20 was controlled by the simulation 
result by the arithmetic unit 1, a control unit 10 may perform simulation and a control condition may be 
computed by simulation each time according to the change of viscosity and the difference among the 
simulation conditions (the viscosity of processing liquid, processing area, processing time, thickness) for 
every lot arising from temperature. 

[0029] Drawing 7 shows the control unit of the paint film formation equipment by the example 2. The 
control unit 50 has the control section 51 which consists of a microcomputer which has CPU, RAM, 
ROM, etc. The keyboard 52 for inputting a command and a numeric value, the various sensors 53, the 
processing liquid feed zone 14 that supplies processing liquid to the discharge head which carries out 
the regurgitation of the processing liquid, the rotary motor 15 made to rotate a substrate, and the 
migration motor 16 to which a discharge head is moved are connected to the control section 51. 
Moreover, external storage 56 and other I/O sections, such as the temperature sensor 54 which detects 
the temperature of the processing liquid in a discharge head 24, the liquid crystal display 55 for a display, 
and a hard disk drive unit, are connected to the control section 51. The relation between the 
temperature for every processing liquid and viscosity is memorized on the table by ROM in a control 
section 51. Moreover, the control condition for every simulation conditions determined by simulation 
until now is stored in external storage 56. In addition, the contents of the thing and control unit 50 which 
are shown in drawing 2 differ, and also the configuration of paint film formation equipment 20 is the 
same, and omits explanation. 

[0030] Next, it explains according to the control flow chart which shows the control action of an 
example 2 to drawing 8 . Initial setting is performed at step S21 of drawing 8 . Here, initial setting of 
storing in RAM the table showing the relation of the temperature and viscosity which were memorized in 
ROM is performed. Moreover, a discharge head 24 is arranged in an evacuation location. At step S22, 
simulation processing is performed and a control condition is determined. This simulation processing is 
the same as processing at steps P2-P17 of drawing 3 . At step S23, it judges whether it was equipped 
with the substrate 22. It shifts to step P24 from step P23 until the substrate maintenance base 30 is 
equipped with a substrate 22. At step S24, the thermometry result of the processing liquid by the 
temperature sensor 54 is incorporated. At step S25, it judges whether there was any predetermined 
temperature change (for example, temperature change reference temperature to 1 degrees C or more). 
When there is a predetermined temperature change, it shifts to step S26. At step S26, the viscosity 
which changed from the table memorized by RAM corresponding to the temperature change is computed. 
If viscosity is computed, it will shift to step S28 and simulation processing will be performed. In addition, 
in simulation processing of step S28, the computed viscosity is automatically received in this case by 
reception processing of the simulation conditions (the viscosity of processing liquid, processing area, 
processing time, thickness) of step P2 of drawing 3 . 
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[0031] If it judges that there is no temperature change, it will shift to step S27 from step S25. At step 
S27, it judges whether there was any modification of simulation conditions. An operator makes this 
judgment by whether the key stroke corresponding to it was performed. When there is modification of 
simulation conditions, it shifts to step S28 and simulation processing is performed. In simulation 
processing of step S28, the simulation conditions inputted by the key stroke are automatically received 
by reception processing of the simulation conditions of step P2 of drawing 3 . A new control condition is 
determined by simulation processing of this step S28. When it is judged at step S27 that there is no 
modification of simulation conditions, or when simulation processing is completed at step S28, it returns 
to step S23. In addition, when it judges that there was modification of simulation conditions at step S27, 
and the simulation conditions of the already determined control condition which was memorized by 
external storage 56 are read and there is a thing of the same simulation conditions, the control condition 
may be read and determined, without performing simulation processing. 

[0032] If it judges that it was equipped with the substrate 22, it will shift to step S30 from step S23. At 
step S39, the same processing as step S4 of drawing 6 to the step S13 is performed from step S30, and 
a paint film is formed by predetermined thickness by the control condition determined by simulation 
processing. And after formation of a paint film is completed, it returns to step S23. 

[0033] Here, if simulation conditions are changed, since the optimal control condition will be determined 
as real time by simulation processing each time and a paint film will be formed by the determined control 
condition, a paint film becomes close [ more ] to desired thickness. 
[Other Example(s)] 

(a) The body 2 of equipment may not determine a control condition automatically, but an operator may 
judge by the thickness computed by simulation. 

(b) According to migration of a discharge head 24, a revolution of a substrate and migration of a head 
are not controlled simultaneously, but you may make it control any one. Moreover, the amount of supply 
of the processing liquid feed zone 25 may be controlled according to migration of a discharge head 24. In 
this case, it is necessary to make the amount of supply increase according to migration of a discharge 
head 25. 

(c) This invention can be applied, also in case it replaces with the nozzle of an ink jet method and a 
paint film is formed with the usual hole vacancy nozzle. 

(d) Thickness is not made into homogeneity, but this invention can be applied also when forming a paint 
film along with a predetermined curve. 

[0034] 

[Effect of the Invention] Since the thickness of the radius location classified by changing at least one of 
a rotational frequency, passing speed, and the discharge quantity, and carrying out simulation of the 
behavior on the substrate of processing liquid is computed according to the thickness control condition 
decision approach concerning this invention, the control condition for obtaining the optimal thickness for 
a short time can be determined without performing actual spreading by the simulation result. 
[0035] With the paint film formation equipment concerning this invention, since either is controlled by 
the optimal control condition acquired by carrying out simulation even if there are few three means, the 
paint film near a desired paint film can be formed easily. 



[Translation done.] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram of the control device of the arithmetic unit used for operation of the 
control condition decision approach concerning this invention, and paint film formation equipment 
[Drawing 2] The perspective view of paint film formation equipment 

[Drawing 3] The flow chart which shows the control condition decision procedure by the arithmetic unit 
[Drawing 4] Drawing explaining a simulation-analysis model 

[Drawing 5] The graph which shows the thickness computed by simulation and an actual measurement 
[Drawing 6] The control flow chart of paint film formation equipment 

[Drawing 7] The block diagram of the control device of the paint film formation equipment by the 
example 2 of this invention 

[Drawing 8] The flow chart which shows the control action of an example 2 
[Description of Notations] 

1 Arithmetic Unit 

2 Body of Equipment 

3 Keyboard 

5 56 External storage 

1 0 50 Control unit 

1 1 51 Control section 

1 2 Input Key 

14 Processing Liquid Feed Zone 

15 Substrate Revolution Motor 

16 Head Migration Motor 

17 Control Condition Storing Section 



[Translation done.] 
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